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CALPHAD 方法，进行了高温无铅焊接材料的设计。利用 DSC 实验测定及其它
研究手段，针对焊接材料的熔点及相关物理化学性能进行了测试分析，研发出符
合高熔点要求（300℃附近）的 Sn 基多组元高温无铅焊接材料 Sn-Sb-Cu 系列和
Sn-Ag-Au 系焊接材料合金，并对焊接材料与 Cu 基板之间的界面反应进行了讨
论。其主要研究内容如下： 
（1）通过相图计算并结合 DSC 实验测定，设计得到符合高温无铅焊接材料
熔点要求的 Sn-Sb-Cu 系列合金和 Sn-Ag-Au 系合金，其 佳成分配比为
Sn-30Sb-13Cu-11Ag(wt.%)和 Sn-10Ag-40Au(wt.%)，熔化温度范围是 298.7℃
~321.8℃和 295.8℃~324.8℃。 
（2）Ag 元素的加入不仅降低 Sn-Sb-Cu 三元系合金的固相线温度，还提高
了合金的润湿性。当掺杂 0.3wt.%微量稀土元素 Ce 后，合金的润湿性和导电性
达到 佳。另外，该合金在高温下的表面抗氧化性能优异。 
（3）Sn-Ag-Au 系合金在有氧和无氧环境下与 Cu 基板之间的铺展性能优异
（润湿角小于 20°），在显微硬度和导电性方面与 Sn-Sb-Cu-Ag 系合金相当，同
时，在高温下的表面抗氧化性能优异。与 Sn-80Au(wt.%)合金相比，成本更低。 
（4）通过剪切实验与热处理时效，研究 Sn-10Ag-40Au(wt.%)合金与 Cu 基
板之间的界面互连反应。研究表明，该焊料与 Cu 基板之间互连的 佳回流时间






























Nowadays, Sn-95Pb(wt.%) and Sn-80Au(wt.%) are high temperature solders in 
semiconductor stage-packaging technology. But their applications are limited because 
of their disadvantage of pollution and fantastic price. At present, the method of “try 
and error” was always used to search for the best alloying composition of soldering 
alloys, which squanders manpower and material resources and makes research cycle 
long. 
With the design system of lead-free solder(ADMIS) and combining CALPHAD 
method, the new high temperature lead-Free solders of Sn-Sb-Cu-Ag and Sn-Ag-Au 
welding alloys were designed and studied. By testing and analysing, we acquired their 
physical and chemical properties, electrical and heat properties. At the same time, We 
researched on the work of interfacial reaction on solders and the substrate.. 
The main contents of this thesis are as follows: 
(1) With the CALPHAD method and DSC experiment, two kinds of high 
temperature lead-free solders, Sn-Sb-Cu-Ag and Sn-Ag-Au welding alloys, the best 
composition of Sn30Sb13Cu11Ag(wt.%) and Sn10Ag40Au(wt.%)  with the best 
melting points were designed. Their melting points are 298.7℃~321.8℃ and 
295.8℃~324.8℃. 
(2) The addition of Ag can reduce the melting temperature range of Sn-Sb-Cu 
alloy and increases the wettability on the Cu substrate. When 0.3% Ce is added, the 
best porperties of wettability and electroconductivity can obtained. Besides, the 
antioxidativity of this alloy is also excellent. 
(3) The wettability of Sn-Ag-Au alloy and the Cu substrate is excellent both in 
the absence of Oxygen and Oxygen condition and its wetting angle is smaller than 20 
degree. The properties of micro-hardness and electroconductivity of the Sn-Ag-Au 
alloys are the same with those of Sn-Sb-Cu-Ag alloys. Similarly in antioxidativity, the 















(4) Interfacial reactions on Sn-Ag-Au alloy and the Cu substrate was investigated 
by the shearing test and aging heat treatment, and we concluded that the best 
reflowing time is 1min, and the first precipitation phase is Cu3Sn. The shear strength 
is the greatest of the interface between Sn-Ag-Au solder and Cu substrate in 240℃. 
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